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4Messages for farmers
•	 Potassium	(K)	deficiency	is	most	likely	for	legumes	in	pastures	on	sandy	soils	and	in	wet	
years.
•	 Potassium	deficiency	is	also	likely	to	occur	after	silage	and	hay	crops.	Application	of	50-100	
kg/ha	potassium	is	recommended.
•	 Potassium	can	be	redistributed	around	the	farm	from	paddocks	regularly	cut	for	silage/hay	to	
paddocks	in	which	silage/hay	are	fed	out.
•	 Legumes	have	a	higher	potassium	requirement	than	grasses.	
•	 Ryegrass	responses	to	applied	fertiliser	potassium	are	rare	in	dairy	pastures	in	WA.	Routinely	
applying	fertiliser	potassium	after	each	grazing	is	unlikely	to	be	profitable.	
•	 Soil	K	testing	is	unreliable	for	indicating	when	fertiliser	potassium	is	required.
•	 Tissue	testing	is	probably	more	useful	than	soil	testing	in	deciding	whether	or	not	potassium	
fertiliser	should	be	applied	to	pasture.	Further	research	is	required	to	assess	this.
For	intensively	grazed	ryegrass-dominant	pastures:
5The	recommendations	below	apply	to	pastures	which	are	not	top-dressed	with	fertiliser	nitrogen	
after	each	grazing,	but	instead	rely	on	clover	as	the	main	source	of	nitrogen	for	pasture	
production.
•	 Clover	is	very	prone	to	potassium	deficiency.
•	 Soil	testing	is	used	to	recommend	when	to	apply	fertiliser	potassium	to	maintain		
clover	production	and	persistence.	However,	only	very	crude	recommendations	can	be	made	
for	when	to	apply	fertiliser	potassium	for	clover.
•	 No	clover	production	responses	occur	for	soil	test	K	values	greater	than	100	mg/kg.
•	 Clover	production	responses	to	applied	potassium	always	occur	when	soil	test	K	is	less	than	
30	mg/kg.
•	 Between	30	and	100	mg/kg,	clover	production	responses	to	applied	potassium		
may	or	may	not	occur	and	the	test	is	neither	consistent	nor	reliable	for	indicating	when		
a	response	is	likely.
•	 The	crude	recommendation	is	therefore	to	apply	fertiliser	potassium	when	soil	test	K	is	less	
than	100	mg/kg.	This	means	potassium	is	often	applied	when	it	is	not	required.
For	clover	in	traditional	clover-ryegrass	pastures:
6Our own research
We	undertook	three	studies	into	the	potassium	requirements	of	high	rainfall	pastures:
1.	 Between	1999	and	2009,	soil	testing	was	conducted	in	48	dairy	paddocks	at	Vasse	Research	
Centre	(VRC)	in	the	south-west	of	Western	Australia	(WA).	This	study	will	be	referred	to	as	the	
VRC	soil	test	study.
2.	 Between	2002	and	2007,	a	potassium	experiment	was	undertaken	at	Boyanup	to	improve	our	
knowledge	of	potassium	requirements	of	intensively	grazed	ryegrass	pastures.	This	will	be	
referred	to	as	the	Boyanup	potassium	experiment.
3.	 Between	2006	and	2010,	potassium	experiments	were	undertaken	on	two	partner	farms	of	the	
Greener	Pastures	project.	These	will	be	referred	to	as	the	partner	farm	potassium	experiments.
VRC soil test study
The	soil	sampling	program
The	study	used	48	dairy	paddocks	at	Vasse	
Research	Centre	which	had	been	grazed	
intensively	by	dairy	cows	and	their	young	stock	
over	a	period	of	10	years,	as	part	of	the	Vasse	
Milk	Farmlets	and	Greener	Pastures	farming	
system	projects.	Pasture	consisted	of	annual	
ryegrasses	with	some	subterranean	clover.	Soils	
were	1-2	m	sand	to	sandy	loam	over	massive	
7clay,	known	locally	as	Abba	sand.	For	many	
soils	in	the	region,	including	Abba	sands,	the	
topography	is	flat	and	the	soils	are	waterlogged	
from	June	to	early	September	in	the	typical	May	
to	November	growing	season.
Samples	of	the	top	10	cm	of	soil	were	collected	
from	each	paddock	in	April	1999	and	January-
February	2000-2009,	during	the	dry	period	
before	fertiliser	was	applied.	These	are	the	
standard	sampling	depth	and	sampling	time	for	
soil	sampling	of	dryland	pastures	in	WA.
Soil	samples	were	collected	while	walking	on	the	
same	diagonal	path	across	each	paddock	each	
year	between	two	permanent	markers	located	
on	fences.	Samples	were	collected	using	2.5	cm	
diameter	metal	tubes	(10	cm	long;	known	locally	
as	pogos)	that	were	pushed	into	the	soil	by	foot	
every	2-3	m,	with	50-100	samples	collected	per	
paddock,	depending	on	the	size	of	the	paddock.
The	samples	from	each	paddock	were	bulked,	
air	dried	and	sieved	through	a	2	mm	sieve	to	
exclude	coarse	material.	The	samples	were	sent	
for	analysis	to	CSBP	Laboratories	in	Perth,	WA.	
Soil	test	potassium	(K)	was	measured	using	the	
Colwell	sodium	bicarbonate	soil	test	procedure	
also	used	for	soil	phosphorus	(P)	testing	in	the	
region.	The	Colwell	method	is	the	standard	
procedure	used	for	soil	phosphorus	and	
potassium	testing	in	WA.	
What	did	we	find?
Soil	test	K	varied	greatly	between	paddocks,	
and	within	paddocks	it	varied	greatly	between	
years.	It	was	mostly	lower	for	sand	than	sandy	
loam	soils	and	tended	to	decline	after	silage	
and	hay	crops,	but	increase	in	paddocks	where	
silage	and	hay	were	fed	back.	Because	of	this	
great	variability,	soil	testing	could	not	be	used	
confidently	to	determine	the	fertiliser	potassium	
requirements	for	the	next	growing	season.	
Instead,	fertiliser	potassium	was	applied	each	
year	and	plant	testing	was	used	to	assess	if	
the	fertiliser	strategies	used	provided	adequate	
potassium	for	ryegrass	production.	
8During	2000-2003	in	the	Vasse	Milk	Farmlet	
project,	30	kg	K/ha	was	applied	in	autumn	and	
70	kg	K/ha	was	applied	in	late	winter-early	
spring,	so	a	total	of	100	kg	K/ha	was	applied	
each	growing	season.	In	the	Greener	Pastures	
project,	about	10	kg	K/ha	was	applied	after	each	
grazing	in	an	N:K:S	custom	fertiliser	blend	with	a	
total	of	about	63	kg	K/ha	applied	in	each	growing	
season.	In	both	projects,	potassium	was	applied	
as	potassium	chloride	(muriate	of	potash,	
50%	potassium).	Plant	testing	indicated	both	
methods	provided	adequate	potassium	for	
pasture	production.
Boyanup potassium experiment
In	a	long-term	experiment	(2002	to	2007),	six	
rates	of	potassium	were	applied	three	weeks	
after	pasture	emerged	each	year	and	the	pasture	
grazed	by	lactating	dairy	cows.	The	cows	were	
on	the	15	metre	by	20	metre	plots	only	while	
grazing	pasture	in	the	section	of	the	paddock	
where	the	experiment	was	located,	between	the	
morning	and	afternoon	milkings	during	the	six	
growing	seasons.	No	silage	or	hay	was	cut	and	
no	cows	were	present	on	the	plots	outside	the	
growing	season.	Soil	samples	were	collected	
each	February	to	measure	soil	test	K	using	the	
standard	procedure.
What	did	we	find?
Soil	test	potassium	was	very	variable	(Figure	1	
and	Table	1),	attributed	to	varying	proportions	of	
soil	samples	collected	between	and	within	cow	
urine	patches,	which	contain	a	lot	of	potassium.	
This	is	a	problem	for	all	grazed	pastures,	
particularly	intensively	grazed	ones.
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Figure 1. Relationship between 
Colwell soil test potassium 
(K) and the rate of K applied 
Autumn each year measured on 
soil samples collected February 
each year.
2003
2004
2005
2006
2007
2008
K applied 
(kg/ha per 
year)
Colwell soil test K (mg K/kg soil)
Rep 1 Rep 2 Rep 3 Rep 4 Rep 5 Rep 6 Mean
0 95 44 21 272 74 72 96
20 107 77 42 50 59 35 62
40 33 51 29 38 68 38 43
70 102 53 25 72 31 23 51
100 38 65 102 100 93 103 84
200 54 108 72 90 86 53 77
Table 1. For experiment on Rodwell farm, near Boyanup, Colwell soil test potassium (K) for six 
replications of the six potassium rates.
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Partner farm potassium 
experiments
Potassium	experiments	were	undertaken	on	two	
Greener	Pastures	partner	farms	from	May	2006	
to	June	2010	on	intensively	grazed	ryegrass	
pastures	to	evaluate	the	best	method	of	applying	
fertiliser	potassium	to	pasture.
Details	on	how	the	partner	farm	experiments	
were	undertaken,	together	with	the	results,	
discussion	and	conclusions,	are	provided	in	
Bulletin	4809	by	the	Department	of	Agriculture	
and	Food,	WA	(Bolland	and	Russell,	2010).	
Briefly,	identical	experiments	were	established	
at	partner	farms	at	Witchcliffe	and	North	
Jindong,	WA.	The	studies	comprised	four	levels	
of	potassium	(0,	50,	75	and	100	kg	K/ha	per	
year)	applied	by	three	different	methods	in	each	
growing	season.	These	were	all	in	autumn,	
half	in	autumn	and	half	in	spring,	or	one	sixth	
applied	in	autumn	and	after	each	of	the	first	
five	grazings,	there	typically	being	at	least	five	
grazings	in	each	growing	season.
What	did	we	find?
No	significant	ryegrass	responses	(kg	DM/ha)	to	
fertiliser	potassium	were	obtained	in	any	year	of	
the	experiment	at	either	site,	regardless	of	the	
level	applied	or	how	it	was	applied.	The	nil-K	
treatment	remained	as	productive	as	any	of	the	
other	treatments.	
Soil	test	K	was	very	variable	and,	within	the	large	
variation	encountered,	there	were	no	significant	
trends	within	and	between	years	due	to	either	
potassium	fertiliser	level	(Table	2)	or	application	
method.
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K applied (kg/ha 
per year)
Colwell soil test K (mg K/kg soil)
2007 2008 2009 2010
Witchcliffe
101 (65—143) 75 (43—136) 79 (70—84) 68 (49—101)0
50 99 (62—197) 76 (39—115) 100 (23—217) 62 (37—124)
75 95 (51—153) 76 (41—106) 92 (53—170) 66 (35—131)
100 117 (83—188) 91 (52—148) 106 (77—187) 74 (41—113)
North Jindong
78 (38—145) 59 (37—94) 87 (53—146) 116 (42—171)0
50 89 (55—121) 97 (59—194) 107 (68—167) 81 (51—117)
75 111 (78—121) 70 (38—105) 110 (82—143) 88 (54—144)
100 112 (68—167) 102 (55—184) 117 (69—184) 94 (70—192)
Table 2. Soil test potassium (K) measured on soil samples collected February each year at the 
two sites of the potassium experiment.
•	 K	levels	applied	each	year	and	method	of	K	application	had	no	significant	effect	on	soil	test	K.
•	 Data	listed	are	mean	values	for	each	K	application	method	with	range	(minimum	and	maximum	values	for	all	data	
each	year)	listed	in	brackets.
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The message
Soil	testing	has	been	shown	to	be	quite	reliable	
for	predicting	potassium	availability	for	wheat	
and	canola	crops	in	WA	and	for	most	soils	and	
crops	elsewhere.	The	exception	has	been	for	
pastures	on	sandy	soils	in	high	rainfall	areas	
of	WA.	These	soils	have	low	capacity	to	retain	
potassium	in	the	root	zone	and,	depending	on	
rainfall,	the	extent	of	potassium	leaching	below	
the	root	zone	makes	soil	testing	unreliable.	In	
addition,	urine	patches	deposited	onto	pasture	
during	grazing	results	in	erratic	spatial	variation	
of	soil	test	K,	attributed	to	whether	samples	for	
soil	testing	are	collected	within	or	between	recent	
urine	patches.	A	large	number	of	soil	samples	
and	soil	test	procedures	would	be	required	to	
determine	accurate	values	for	available	soil	
potassium	for	these	soils	which	is	unlikely	to	be	
cost	effective	or	practical	for	farmers.
Though	plant	testing	may	be	an	alternative	to	
soil	testing,	deposition	of	urine	patches	by	stock	
when	grazing	may	still	pose	a	problem	for	plant	
testing,	which	may	also	be	affected	by	whether	
plant	samples	were	collected	within	and	between	
recent	urine	patches.	Further	field	research	is	
required	to	examine	this.
However,	a	major	problem	has	been	that,	
regardless	of	soil	test	K,	no	ryegrass	production	
responses	to	applied	potassium	have	been	
obtained	on	intensively	grazed	ryegrass	pastures	
in	the	region.	Previous	overseas	experiments	
have	shown	that	dairy	cows	deposit	urine	
patches	that	occupy	over	20%	of	the	area	grazed	
each	year.	Urine	patches	deposited	during	the	
5-8	grazings	undertaken	each	year	in	the	partner	
farm	experiments	may	have	provided	adequate	
potassium	for	ryegrass	production,	including	
ryegrass	growing	on	the	nil-K	plots	of	the	
experiments.	This	would	also	occur	on	farms.
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Farmers	with	ryegrass	dominant	pastures	are	
less	likely	to	see	an	economic	response	to	
potassium	fertiliser	application,	as	research	in	
WA	has	shown	that	annual	ryegrass	has	a	lower	
requirement	for	potassium	than	does	clover.	
Large	amounts	of	potassium	are	removed	from	
soil	in	silage	and	hay	harvested	and	removed	
from	paddocks	and	fertiliser	potassium	may	
need	to	be	applied	to	ensure	deficiency	does	not	
reduce	subsequent	ryegrass	production	on	these	
paddocks.
Fertiliser	potassium	still	needs	to	be	applied	
to	the	traditional	clover	ryegrass	pastures	to	
ensure	clover	production	and	persistence	will	
be	maintained	in	pastures	for	which	clover	is	
the	major	source	of	nitrogen	through	symbiotic	
atmospheric	nitrogen	fixation.
Background Reading
Role of Potassium in plants
Potassium	plays	a	major	role	in	plant	growth.	
It	maintains	the	solutions	in	plant	cells	at	ionic	
strengths	suitable	for	maintaining	strong	plant	
walls	and	for	the	proper	functioning	of	leaf	pores	
(stomata).	It	is	also	essential	for	processes	
such	as	photosynthesis,	transport	of	sugars	and	
enzyme	activation.	Potassium	does	not	become	
a	direct	part	of	the	plant	structure	but	acts	to	
regulate	water	balances,	nutrient	and	sugar	
movement	in	plant	tissue.
Plants	deficient	in	potassium	cannot	use	
other	nutrients	and	water	efficiently.	They	are	
less	tolerant	of	stresses	such	as	drought	and	
waterlogging,	and	are	more	susceptible	to	pests	
and	diseases.
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Soil potassium
Sources	of	potassium	in	soil	are	indicated	in	
Figure	2.	The	potassium	found	naturally	in	soils	
has	come	from	the	weathering	of	soil	minerals	
such	as	micas	and	feldspars.	These	minerals	
release	potassium	into	the	soil	solution	as	they	
break	down.
Potassium	is	the	main	positively	charged	ion	
(cation)	in	the	fluid	inside	plant	cells.	In	soil,	
cations	balance	negatively	charged	sites	on	the	
surface	of	clays,	oxides	and	organic	matter.
In	clays,	cations—including	potassium—can	
balance	negative	charge	in	internal	surfaces	not	
exposed	at	the	surface.	These	cations	are	called	
Exchange
Soluble K
(in soil solution)
Figure 2. Forms of potassium (K) in soil. The K is indicated by the red dots. 
The Colwell test procedure can only extract soluble K in soil solution and exchangeable K on the 
surfaces of soil constituents (clays, oxides, organic matter), which is also the only K in soil that 
plant roots can take up.
Clay
Exchangeable K
Fixation
Release
Structural K
(component of 
primary minerals)
Fixed K
(between clay 
mineral layers )
Weathering
Organic matter
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non-exchangeable cations	because	they	cannot	
be	replaced	by	other	cations	in	the	soil	solution	
as	charge	balancers	on	the	internal	surfaces	of	
clays.	These	non-exchangeable	cations	are	only	
released	to	soil	solution	as	the	clay	structure	is	
slowly	broken	down	(weathered).
However,	cations	balancing	negative	charges	
on	the	surfaces	of	soil	constituents	exposed	to	
the	soil	solution	(outside	surfaces	of	clays	and	
surfaces	of	oxides	and	organic	matter)	can	be	
readily	replaced	(exchanged)	as	balancers	of	
negative	surface	charge	by	other	cations	in	soil	
solution.	These	are	called	exchangeable cations.
Cation exchange capacity of soil
The	cation	exchange	capacity	of	a	soil	is	a	
measure	of	the	negative	charge	sites	on	that	soil	
which	are	balanced	by	exchangeable	cations.	
Cation	exchange	sites	are	typically	balanced	
by	the	major	soil	cations	calcium,	magnesium,	
potassium	and	sodium.	The	proportion	of	the	
major	cations	that	balance	the	total	cation	
exchange	capacity	of	most	productive	soils	is	
usually	65–80%	calcium,	10–20%	magnesium,	
3–8%	potassium	and	less	than	4%	sodium.
Soil potassium taken up by 
plant roots
Plant	roots	can	readily	take	up	exchangeable	
potassium	and	potassium	ions	present	in	soil	
solution	but	not	the	non-exchangeable	potassium	
in	clays	and	structural	potassium	in	primary	soil	
minerals.
Major pasture species used in 
high rainfall pastures
The	major	pasture	species	for	high	rainfall	
pastures	in	WA	are	the	annual	species	annual	
ryegrass	(Lolium rigidum),	Italian	ryegrass	
(Lolium multiflorum)	and	subterranean	clover	
(Trifolium subterraneum).	Subterranean	clover	
is	the	only	one	of	these	three	pasture	species	
capable	of	biological	nitrogen	fixation.
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How susceptible are clover 
and ryegrass to potassium 
deficiency?
Grasses	are	better	than	legumes	at	using	
potassium	from	soil,	so	they	rarely	become	
potassium	deficient,	whereas	legumes	are	very	
susceptible	to	potassium	deficiency.
When	first	cleared	for	agriculture,	most	soils	in	
south-western	WA	had	adequate	potassium	for	
crop	and	pasture	production,	the	exception	being	
sandy	soils	in	high	rainfall	(greater	than	800	mm	
annual	average)	areas.	Particularly	in	wet	years,	
legumes	planted	on	these	soils	soon	showed	
signs	of	potassium	deficiency,	reducing	seed	set,	
production	and	persistence	in	the	pasture.
Leaching causes potassium 
deficiency of clover in high 
rainfall pastures on sandy soils
Sandy	soils	usually	have	low	cation	exchange	
capacity	in	the	pasture	root	zone.	In	high	
rainfall	areas,	pasture	plant	roots	do	not	grow	
deeper	than	20-40	cm,	largely	because	the	
major	pasture	species	are	relatively	shallow	
rooting	and	winter	waterlogging	restricts	rooting	
depth.	In	wet	years	in	sandy	soils,	potassium	
is	leached	below	the	root	zone	and	legumes	
become	potassium	deficient,	although	ryegrass	
is	usually	able	to	access	sufficient	potassium.	
Consequently,	annual	applications	of	potassium	
fertiliser	are	generally	required	for	production	
and	persistence	of	legumes,	especially	in	
wet	years.
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Potassium fertilisers
The	cheapest	and	most	commonly	used	
potassium	fertiliser	for	high	rainfall	pastures	is	
potassium	chloride	(muriate	of	potash,	
50%	potassium	and	50%	chloride).
Potassium	sulphate	(sulphate	of	potash,	
41.5%	potassium	and	17%	sulphur)	is	more	
expensive	than	potassium	chloride	and	is	
generally	only	used	on	horticultural	crops	that	
are	sensitive	to	chloride.
Timing of application
The	best	time	to	apply	potassium	fertiliser	is	
about	three	weeks	after	annual	pasture	has	
emerged	at	the	start	of	the	growing	season	and	
when	plants	have	developed	sufficient	roots	
to	minimise	leaching.	Potassium	fertiliser	is	
also	often	applied	in	late	winter–early	spring	to	
pasture	set	aside	to	produce	silage	or	hay.
Redistribution of potassium in 
silage and hay
Silage	generally	contains	about	2.5%	potassium	
in	dry	matter	and	hay	about	1.5%.	Therefore,	a	
tonne	of	silage	dry	matter	(DM)	contains	about	
25	kg	potassium	and	a	tonne	of	hay	DM	about	
15	kg.	Using	these	values,	5	t	DM/ha	harvested	
silage	would	remove	about	125	kg	potassium/
ha	while	a	5	t	DM/ha	hay	crop	would	remove	
about	75	kg	/ha.	High	yielding	silage	and	hay	
crops	can	remove	sufficient	potassium	to	induce	
deficiency	in	legumes	growing	in	these	paddocks	
in	subsequent	years.	On	the	other	hand,	feeding	
this	silage/hay	back	to	animals	on	the	farm	can	
lead	to	high	levels	of	potassium	in	the	paddocks	
where	it	is	fed.	Potassium	is	redistributed	around	
a	farm	from	paddocks	cut	for	silage/hay	to	
paddocks	in	which	silage/hay	are	fed	out.	
In	loamy	or	clay	soils,	cation	exchange	capacities	
and	levels	of	soil	potassium	are	typically	larger	
than	for	sandy	soils,	so	more	than	one	silage	or	
hay	crop	may	be	required	to	induce	deficiency.
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Redistribution of potassium by 
grazing animals
Cattle	and	sheep	urine	contains	a	lot	of	
potassium,	typically	15	g/L.	When	cattle	or	
sheep	graze	pasture,	they	redistribute	the	
potassium	in	the	pasture	they	consume	in	urine	
patches	that	can	occupy	over	20%	of	a	paddock	
each	year.
Importance of pasture 
management
Pasture	is	generally	the	cheapest	source	of	feed	
on	grazing	properties	and	it	has	always	been	
profitable	to	use	as	much	pasture	as	possible.
Rotational	grazing	is	the	most	effective	way	of	
increasing	pasture	production	and	its	utilisation	
by	grazing	animals.	This	involves	delaying	
grazing	until	ryegrass	plants	have	produced	
two	to	three	leaves	per	tiller.	How	a	pasture	
is	managed	can	affect	its	composition	and	
therefore	how	much	potassium	it	needs.	
The	lower	the	legume	content	of	a	pasture,	
the	less	potassium	it	needs.	Although	the	
composition	of	a	pasture	can	change	over	
a	growing	season	and	between	seasons,	
intensively	grazed	pastures	which	are	regularly	
top-dressed	with	nitrogen	fertiliser	tend	to	
lose	their	legume	content	and	become	grass	
dominant.
Because	ryegrass	is	better	at	accessing	and	
using	potassium	for	production	than	legumes,	
ryegrass	dominant	pastures	need	less	potassium	
fertiliser	than	legume-ryegrass	pastures.
Too much potassium can 
induce magnesium deficiency 
in lactating dairy cows
Ryegrass	can	accumulate	higher	concentrations	
of	potassium	in	herbage	compared	to	legumes.
If	too	much	potassium	fertiliser	is	applied	to	a	
ryegrass-dominant	pasture,	the	concentration	of	
potassium	in	the	herbage	can	be	as	high	as	4	to	
6%	in	DM.
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When	the	concentration	of	potassium	exceeds	
about	4%	in	DM,	magnesium	deficiency	
(hypomagnesaemia)	can	be	induced	in	lactating	
dairy	cows,	immediately	reducing	
milk	production.
Fertiliser	potassium	should	only	be	applied	
to	ryegrass	dominant	pastures	when,	at	the	
three	leaf	growth	stage,	a	tissue	test	shows	the	
concentration	of	potassium	is	less	than	2%.
Soil test potassium calibrations 
for clover and ryegrass
Soil	testing	has	traditionally	been	used	to	
estimate	whether	or	not	a	soil	contains	enough	
potassium	for	pasture	production	in	the	next	
growing	season.	
The	only	comprehensive	study	of	soil	test	
potassium	for	high	rainfall	pastures	in	WA	was	
undertaken	by	Cox	in	the	early	70’s	and	these	
results	are	still	used	to	provide	advice	to	farmers.
In	the	Cox	study,	separate	calibrations	for	
ryegrass	and	clover	were	produced.	Results	are	
shown	in	Figure	3	for	clover	and	Figure	4	for	
ryegrass.	
Clover	showed	many	responses	to	applied	
potassium	(Figure	3),	whereas	ryegrass	rarely	
responded	(Figure	4).	In	addition,	responses	to	
applied	potassium	were	smaller	for	ryegrass	than	
clover.
Clover	never	responded	to	applied	potassium	
when	the	soil	test	was	greater	than	about	100	
mg/kg	and	always	responded	when	the	soil	
test	was	less	than	about	30	mg/kg	(Figure	3).	
However,	when	the	soil	test	was	between	about	
30	and	100	mg/kg,	clover	sometimes	responded	
and	sometimes	it	didn’t	(Figure	3).	For	clover,	the	
soil	test	was	unreliable	in	the	30	to	100	mg/kg	
range	and	this	was	not	improved	by	considering	
soil	test	potassium	measured	for	soil	samples	
collected	at	10-20,	20-30	or	30-40	cm,	other	soil	
test	potassium	procedures	or	soil	properties.
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Both	the	Cox	study	and	our	own	studies	have	
shown	that	soil	testing	for	potassium	is	unreliable	
for	predicting	when	to	apply	fertiliser	potassium	
to	high	rainfall	pastures	when	the	soil	test	is	
between	about	30	and	100	mg/kg.
Recommendation for legumes
As	an	insurance	against	potassium	deficiency	
reducing	legume	production	and	persistence,	
the	only	recommendation	from	the	Cox	study	is	
to	apply	fertiliser	potassium	when	the	potassium	
soil	test	is	less	than	about	100	mg/kg.	However,	
this	means	that	fertiliser	potassium	will	be	
applied	to	many	soils	when	none	is	required.	
Tissue	testing	through	the	growing	season	will	
provide	more	accurate	information	on	whether	
or	not	potassium	fertiliser	should	be	applied.	If	
the	tissue	test	shows	less	than	2%	potassium,	
it	is	likely	that	the	pasture	will	benefit	from	an	
application	of	potassium	fertiliser.
Recommendation for ryegrass
There	were	too	few	ryegrass	responses	
to	fertiliser	potassium	in	the	Cox	study	to	
confidently	determine	critical	soil	test	potassium	
values	for	ryegrass.	Ryegrass	mostly	accessed	
enough	potassium,	regardless	of	the	soil	test	
(Figure	4).
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Figure 3. Relationship between clover 
dry matter increases (responses) to 
applied potassium (K) fertiliser and 
Colwell soil test potassium for the top 
10 cm of soil.
Figure 3
0 
200 
400 
600 
800 
1000 
1200 
1400 
1600 
0 50 100 150 200 250 
Colwell soil test potassium (mg/kg)
R
ye
gr
as
s 
dr
y 
m
at
te
r 
re
sp
on
se
s 
to
 
ap
pl
ie
d 
po
ta
ss
iu
m
 (k
g/
ha
)
Annual ryegrass
Figure 4. Relationship between ryegrass 
dry matter increases (responses) to 
applied potassium (K) fertiliser and 
Colwell soil test potassium for the top 
10 cm of soil.
22
Further reading
Barrow	NJ	(1967)	Some	aspects	of	the	effects	
of	grazing	on	the	nutrition	of	pastures.	Journal of 
the Australian Institute of Agricultural Science	33,	
254-262.
Bolland	MDA,	Cox	WJ,	Codling	BJ	(2002)	
Soil	and	tissue	tests	to	predict	pasture	yield	
responses	to	applications	of	potassium	fertiliser	
in	high-rainfall	areas	of	south-western	Australia.	
Australian Journal of Experimental Agriculture 
42,	149-164.
Bolland	MDA,	Guthridge	IF	(2009)	Quantifying	
pasture	dry	matter	responses	to	applications	of	
potassium	fertiliser	for	an	intensively	grazed,	
rain-fed	dairy	pasture	in	south-western	Australia	
with	or	without	adequate	nitrogen	fertiliser.	
Animal Production Science (previously Australian 
Journal of Experimental Agriculture)	49,	121-130.
Dilley	R,	Howes	KMW	(1998)	‘Profit	from	
pastures:	improving	the	management	of	pastures	
in	south-western	Australia’.	(Department	of	
Agriculture	and	Food:	South	Perth)
Fulkerson	WJ,	Donaghy	DJ	(2001)	Plant-soluble	
carbohydrate	reserves	and	senescence-key	
criteria	for	developing	an	effective	grazing	
management	system	for	ryegrass-based	
pastures:	a	review.	Australian Journal of 
Experimental Agriculture	41,	261-275.
23
Acknowledgements
Numerous	people	have	contributed	to	the	
Greener	Pastures	study	between	2003	and	2011.
The	project	would	not	have	been	possible	
without	the	support,	contributions	and	dedication	
from	the	entire	team:	John	Baker,	Don	Bennett,	
Mike	Bolland,	Graham	Blincow,	Tess	Casson,	
Len	Chinnery,	John	Crosby	,Patrick	Donnelly,	
Hamish	Downs,	Ian	Fillery,	Kevin	Gardiner,	
Gordon	Gibbon,	Ian	Guthridge,	‘Tex’	Hahn,	
Peter	Jelinek,	Kathy	Lawson,	Andrew	Lindsay,	
John	Lucey,	Corrine	Mack,	Nola	Mercer,	
John	Milligan,	Richard	Morris,	Peter	Needs,	
Leonarda	Paszkudzka-Baizert,	Bill	Russell,	
Dennis	Russell,	Greg	Sawyer,	Neroli	Smith,	
Martin	Staines,	Frank	Treasure,	Judy	Wills	and	
David	Windsor.
We	are	grateful	for	the	guidance	and	support	by	
Michael	Blake,	Laurie	Cransberg,	Grant	Evans,	
Peter	Evans,	Dale	Hanks,	Brynley	Jenkins,	
David	Kemp,	Ben	Letchford,	Ian	McGregor,	
Miles	Mottershead,	Ian	Noakes,	Peter	Oates,	
Paul	Omodei,	Ralph	Papalia	and	Victor	Rodwell.	
We	also	thank	our	interstate	colleagues	for	their	
support	and	guidance:	Roger	Barlow,	David	
Chapman,	Tom	Cowan,	Anne	Crawford,	Tom	
Davidson,	Richard	Eckard,	Warren	Mason	and	
Mark	Paine.
We	acknowledge	funding	and	support	of	this	
project	by	the	Department	of	Agriculture	and	
Food	WA,	Dairy	Australia	and	Western	Dairy.	
Additional	funding	and/or	contributions	in	kind,	
were	provided	by	the	Chemistry	Centre	(WA),	
CSIRO	Plant	Industry,	South	West	Catchments	
Council	and	Land	and	Water	Australia.
Proudly supported by
20
10
26
83
-0
2/
11
-ID
10
49
9
